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PREFACE

The test of field fortifications in Exercise DESERT ROCK VII
was conducted under the authority of Project 8-12-95-400 (formerly
8-12-75-001).

This report was prepared by Nathaniel J. Davis, Jr., Project
Engineer, under the supervision of Frederick A. Pieper, Chief, Tech-
nical Analysis Section, and under the general supervision of Dr.
Thomas G. Walsh, Chief, Special Projects Branch, U. S. Army Engineer
Research and Development Laboratories (USAERDL), Fort Belvoir, Vir-
ginia. The Chemical Warfare Laboratories (CWL) and the Ballistic
Research Laboratory (BRL) provided instrumentation for nuclear radi-
ation and blast measurements, respectively. William H. Van Horn,
sub-project officer, and 1st Lt. Craig Miller, both from the USAERDL
but assigned to the CWL for the test, provided essential support.
Construction of the fortifications was the responsibility of Camp
Desert Rock and was performed by Company B of the 84th Engineer
Battalion (Construction).
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SUMMARY

This report covers a field fortification test conducted as a
part of Exercise DESERT ROCK VII during Operation PLUMBBOB. The
test objectives were (I-) to determine if increased protection could
be obtained by using a shelter-type entrance in conjunction with a

7-ft by 7-ft machine gun emplacement; (.)- to determine the vulnera-I
bility of a laminated roof to blast from atomic weapons; (4- to de-
termine the effect of partial cover (varying the size of entrance
opening) and orientation on the attenuation of prompt gamma and neu-
tron radiation in various types of hasty fortifications; and (4to.to
determine the protection afforded by the offset foxhole against blast
and nuclear radiation.

The fortifications were exposed to peak overpressure of from
9.0 to 42.7 psi from the Priscilla shot, a 37-KT weapon, burst at a
height of 700 ft. I (

The report concludes that:

I a. Access construction for the 7-ft by 7-ft machine gun em-
placement is less vulnerable to blast for all orientations if it is
placed with the roof at grade level rather than at the same eleva-
tion as the emplacement; it will afford a greater degree of protec-
tion to occupants from blast-driven debris than will the emplacement.

b. The shelter used in conjunction with the 7-ft by 7-ft ma-
chine gun emplacement provided better shielding against nuclear radi-
ation tJan the emplacement, but the additional shielding obtained
may not be sufficient to justify the construction effort.

co The 7-ft by 7-ft machine gun emplacement can withstand
blast effects of up to approximately 40 psi peak overpressure only
if it is facing away from the burst. It appears to be extremely
vulnerable to blast when oriented side-on to ground zero and facing
ground zero.

d. On relatively open fortifications, a laminated roof of the
design tested appears capable of sustaining loads resulting from In-
cident peak overpressure of up to about 40 psi.

e. The initial gam transmission factor of the standard,
open, two-mn foxhole ranged from 0.067 for the side-on orientation
to 0.131 for the end-on orientation. The addition of 2/3 cover re-
duced the factor by about 50 percent while full cover reduced it by
about 70 percent.

U tA ttu-i-W -- ro-......."



xiv
tf. The neutron transmission factor of the standard, open,

two-man foxhole was 0.29. The addition of 2/3 cover reduced this
factor by about 65 percent.

g. The modified, two-man foxhole (1/2 covered) provided more
shielding than the 1/3 covered and less shielding than the 2/3 cov-
ered, standard, two-man foxholes similarly oriented.

h. The initial gama transmission factor of the horizontal
tunnel. of the offset foxhole ranged from 0.006 to 0.008-at 2280 ft
from ground zero and from 0.003 to 0.005 at 3900 ft from ground
zero. The factors for the open, offset foxhole and the covered,
offset foxhole with firing step were about the same.

i. The neutron transmission factor of the tunnel of the off-

set foxhole was 0.003 at 2280 ft from ground zero.

j. Pressure multiplication in the tunnels of the offset fox-
holes caused peak overpressures which ranged from 1.8 to 2.6 times
the incident peak overpressure.

k. The circular foxhole appeared to be less vulnerable to
blast than the standard two-man foxhole. Meager test evidence does
not justify further conclusions about its vulnerability.i-1
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PROTECTION AFFORDED BY FIELD FORTIFICATIONS

AGAINST NUCLEA WEAPONS EFFECTS (U)

I. INTRODUCTION

1. Subject. This report covers Project 50.6, a field forti-
fications test conducted as a part of Exercise DESERT ROCK VII, Op-
eration PLUNBOB. The objectives of this project were (1) to deter-
mine if increased protection could be obtained by using a shelter-
type entrance in conjunction with the 7-ft by 7-ft machine gun em-
placement; (2) to determine the vulnerability of a laminated roof
to blast from atomic weapons; (3) to determine the effect of par-
tial cover (varying the size of entrance opening) and orientation
on the attenuation of prompt gamma and neutron radiation in various
types of hasty fortifications; and (4) to determine the protection
afforded by the offset foxhole against blast and nuclear radiation.

2. Background and Previous Investigation. Standard 7-ft by
7-ft machine gun emplacements having standard covered trench en-
trances with approximately 5 ft of earth cover were tested during
Exercise DESERT ROCK VI. At overpressures where these emplacements
received only light damage (approximately 35 psi), nuclear radiationinside the emplacements was sufficiently high to .have caused death

to all occupants. Fast rise times and relatively high overpressures
were also recorded inside the emplacement. The structure projected
above ground surface over the entire plan area, and damage from lat-
eral loading was very evident. For DESERT ROCK VII, it was desired
to test a machine gun emplacement which incorporated modifications
indicated by the previous test to provide more protection from atomic
effects. It was believed that this could be accomplished with only
a slight increase in the materials required by designing the entrance
to provide more protection. In effect, the structure would serve as
a combination shelter-fighting emplacement. Furthermore, it was de-
sired to test on the emplacement proper a laminated roof of the type
on which the Demolitions and Fortifications Branch, USAERDL, Fort
Belvoir, Virginia, had conducted high explosive experiments. These
experiments wern aimed at developing a roof that was not as vulnera-
ble as the stringer-type roof to blast from high explosive shells.
The results of tests had been very encouraging. In fact, in tests
conducted at Fort Sill, Oklahoma, by personnel from the above branch
with the cooperation of the Guided Missile and Artillery School,
this type of roof with only2 ft of earth cover sustained repeated
direct hits with 155-mu howitzer shells fused with 0.05 second delay
fuzes. Such hits would have caused solid timber roof stringers to
fail. It was, therefore, desirable to get a comparative evaluation
of the response of this type roof to the impulse from atomic weapons.

I 4 II I ii lll l n
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In the fall of 1955, the Panel on the Organization of the
Ground was convened at the U. S. Army Engineer School, Fort Belvoir,
Virginia. During the course of this meeting, it was determined that
approximately 18 in. of cover on emplacements would be all that
could be expediently used and that under the current concept of pro-
tection against atomic attack in the forward area, maximum use of
protective-type shelters would be sacrificed in favor of mobility
and dispersion. Also, questions arose with reference to the degree
of additional protection from nuclear radiation, especially residual
radiation, which could be furnished by partially covering hasty em-
placements of the foxhole type. To a large extent, the hasty em-
placements in this project stemmed from the Panel on the Organiza-
tion of the Ground and were proposed for test by the U. S. Army En-
gineer School. It was realized when this project was initiated that
a contaminating burst from which to obtain data on residual radia-
tion probably would not be available; however, the investigation of
the shielding afforded by partially covered foxholes against prompt
gamma and neutron radiation was considered of importance. Further-

more, prior to Operation TEAPOT, most of the neutron data measured
included only the high and low ends of the neutron spectrum and not
the intermediate neutron energies (4 Kev to 3 Mev). DI.-tcussion with
DOD Project 2.4 personnel at the CWL, .Army Chemical Center, Maryland,
revealed that shielding data, particularly for neutrons, on several
of the Project 50.6 fortifications were especially desirable for
analysis and inclusion in the report of the 2.4 project. As a re-
sult, the Project 50.6 fortifications were incorporated in the neu-
tron and gamme shielding tests of Project 2.4.

II. INVESTIGATION

3. Description of Test. Twenty-seven fortifications were
exposed at Frenchman Flat to the Priscilla Shot, a 37-KT weapon,
burst at a height of 700 ft. The fortifications were 7-ft by 7-ft
mchine gun emplacements with entrance shelters, standard two-man
foxholes, modified two-man foxholes, open offset foxholes, onvered
offset foxholes, and 6-ft by 8-ft hasty shelters. These are shown 3
in Figs. 1 through 8 respectively.

The machine gun emplacement was basically the same design
as shown in Engineer Technical Bulletin 117 and was the one tested
in Exercise DESET ROCK VI. The primary difference was in the roof
design. Fig. 1 shows a laminated roof (7 layers of 1-in. by 12-in.
planks) on the emplacement instead of the normal 6-in. by 6-in. tim-
ber stringers. The entrance (Fig. 2) used with the emplacement was
non-standard but had one span (5 ft 4 in.) of approximately the same
design as the standard trench cover section (see reference 4). The
position of the emplacement relative to the entrance is shown in

* -m -
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Fig. 3. Standard two-ma foxhole.
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Fig. 1. Standard two-man foxhole, 1/3 covered.
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Fig. 5. Modified two-man foxhole.
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Fig. 6. Open offset foxhole.
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